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Intel Threading Tools for Intel Threading Tools for 
MicrosoftMicrosoft®® Windows and LinuxWindows and Linux

Other names and brands may be claimed as the property of others.
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Threading Tools Evolution for Intel Threading Tools Evolution for Intel 
ArchitecturesArchitectures

!! Intel�s KAP/Pro Tool Set Available Now For:Intel�s KAP/Pro Tool Set Available Now For:
�� MicrosoftMicrosoft®® WindowsWindows
�� LinuxLinux

!! Will be Supplanted by Intel�s Threading ToolsWill be Supplanted by Intel�s Threading Tools

Other names and brands may be claimed as the property of others.



3Copyright © 2002 Intel Corporation

Threading Tool ComponentsThreading Tool Components

!! Part of Part of VTuneVTuneTMTM

!! There are two basic threading tool components:There are two basic threading tool components:
�� Thread Analyzer Thread Analyzer �� measures parallel execution measures parallel execution 

performance performance 
�� IntelIntel®® Thread Checker Thread Checker �� validates execution of application validates execution of application 

based on an input datasetbased on an input dataset

Other names and brands may be claimed as the property of others.
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How Does the Thread Analyzer Work?How Does the Thread Analyzer Work?

Let us look at programming an algorithm Let us look at programming an algorithm 
and then proceed to optimize the and then proceed to optimize the 

execution performance with the execution performance with the VTuneVTuneTMTM

Thread AnalyzerThread Analyzer

Other names and brands may be claimed as the property of others.Copyright © 2002 Intel Corporation 4



5Copyright © 2002 Intel Corporation

Algorithm Algorithm �� Sieve of Sieve of EratosthenesEratosthenes

!! Eratosthenes Eratosthenes of of Cyrene Cyrene lived around 200 B.C.lived around 200 B.C.
!! The prime number sieve begins by writing down the The prime number sieve begins by writing down the 

integers between N and Nintegers between N and N22

!! Remove the composite numbers in stagesRemove the composite numbers in stages
!! First all multiples of 2 are removed; then all First all multiples of 2 are removed; then all 

multiples of 3 are removed, and so onmultiples of 3 are removed, and so on
!! The process stops after sifting with the largest The process stops after sifting with the largest 

prime less than Nprime less than N

Other names and brands may be claimed as the property of others.
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Prime Number TheoremPrime Number Theorem

!! The number of primes less than The number of primes less than N N is approximatelyis approximately
N/ N/ lnln NN

!! Thus the primes are relatively dense in the integersThus the primes are relatively dense in the integers

Other names and brands may be claimed as the property of others.
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Example Where N = 6 and Example Where N = 6 and 
Therefore NTherefore N22 = 36= 36

!! Stage 0 (initially)Stage 0 (initially)
�� 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 286 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3629 30 31 32 33 34 35 36

!! Stage 1 (multiples of Stage 1 (multiples of 22 eliminated)eliminated)
�� 66 7 7 88 9 9 1010 11 11 1212 13 13 1414 15 15 16 16 17 17 1818 19 19 2020 21 21 2222 23 23 2424 25 25 2626 27 27 2828 29 29 3030 31 31 3232 33 33 3434 35 35 3636

!! Stage 3 (multiples of Stage 3 (multiples of 33 eliminated)eliminated)
�� 66 7 7 88 99 1010 11 11 1212 13 13 1414 1515 16 16 17 17 1818 19 19 2020 2121 2222 23 23 2424 25 25 2626 2727 2828 29 29 3030 31 31 3232 3333 3434 35 35 3636

!! Stage 4 (multiples of Stage 4 (multiples of 5 5 eliminate)eliminate)
�� 66 7 7 88 99 1010 11 11 1212 13 13 1414 1515 16 16 17 17 1818 19 19 2020 2121 2222 23 23 2424 2525 2626 2727 2828 29 29 3030 31 31 3232 3333 3434 3535 3636

Other names and brands may be claimed as the property of others.
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Threading Performance Analysis Threading Performance Analysis 
PanelPanel

Other names and brands may be claimed as the property of others.
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The red section of the histogram on previous The red section of the histogram on previous 
slide signifies a load imbalance. Let us look slide signifies a load imbalance. Let us look 

at the corresponding source:at the corresponding source:

Other names and brands may be claimed as the property of others.
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Alter the Alter the OpenMPOpenMP Application by Application by 
Adding Dynamic SchedulingAdding Dynamic Scheduling

Other names and brands may be claimed as the property of others.
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Histogram after Adjusting for Histogram after Adjusting for 
Dynamic SchedulingDynamic Scheduling

Other names and brands may be claimed as the property of others.
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Adjust the Dynamic Scheduling Adjust the Dynamic Scheduling 
with a with a ChunksizeChunksize of 10of 10

Other names and brands may be claimed as the property of others.
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Notice the Improvement in Notice the Improvement in 
Execution TimeExecution Time

Other names and brands may be claimed as the property of others.
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Let us try Another Scheduling Let us try Another Scheduling 
TechniqueTechnique

Other names and brands may be claimed as the property of others.
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Result of Guided SchedulingResult of Guided Scheduling

Other names and brands may be claimed as the property of others.
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Display of Execution Time Inside Display of Execution Time Inside 
LocksLocks

Other names and brands may be claimed as the property of others.
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Notice the Three Critical SectionsNotice the Three Critical Sections

Other names and brands may be claimed as the property of others.
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What About Named Critical What About Named Critical 
Sections?Sections?

Other names and brands may be claimed as the property of others.
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Execution Time for Named Critical Execution Time for Named Critical 
SectionsSections

Other names and brands may be claimed as the property of others.
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What if We Replace the What if We Replace the OpenMPOpenMP Critical Critical 
Sections with an Sections with an OpenMPOpenMP Reduction Clause?Reduction Clause?

Other names and brands may be claimed as the property of others.
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Execution Profile as a Result of Execution Profile as a Result of 
Using the Reduction ClauseUsing the Reduction Clause

Other names and brands may be claimed as the property of others.
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Alternative Solution with Reduction Alternative Solution with Reduction 
ClauseClause

Other names and brands may be claimed as the property of others.
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Alternative Solution with a Dynamic Alternative Solution with a Dynamic 
Chunk Size SpecificationChunk Size Specification

Other names and brands may be claimed as the property of others.
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Some General Information about Some General Information about 
Sieves and Sieves and OpenMPOpenMP

!! A sieve is an exhaustive search techniqueA sieve is an exhaustive search technique
!! Sieves try to eliminate nonSieves try to eliminate non--solutions instead of solutions instead of 

trying to find solutionstrying to find solutions
!! Straight forward application of sieves will result in Straight forward application of sieves will result in 

algorithms whose time requirements are prohibitivealgorithms whose time requirements are prohibitive
!! To be useful, the implementer must use a sieve To be useful, the implementer must use a sieve 

technique as a technique as a frameworkframework within which to approach within which to approach 
the problemthe problem

!! OpenMP OpenMP and/or other parallel programming and/or other parallel programming 
techniques are not necessarily panaceas for techniques are not necessarily panaceas for 
exhaustive search problemsexhaustive search problems

Other names and brands may be claimed as the property of others.
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How Does the IntelHow Does the Intel®® Thread Checker Work?Thread Checker Work?

Let us look at an initial draft of Let us look at an initial draft of 
an an OpenMPOpenMP parallel parallel 

programming application and programming application and 
then proceed to correct then proceed to correct 

execution errors using the  Intelexecution errors using the  Intel®®
Thread Checker within Thread Checker within VTuneVTuneTMTM

Other names and brands may be claimed as the property of others. 25Copyright © 2002 Intel Corporation
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CalculatingCalculating

1

1 / (1 + x2)

...We find     by integrating.

Using this fact ...

Other names and brands may be claimed as the property of others.
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ProgramProgram
static long num_steps = 100000;
double step;
void main ()
{ int i; double x, pi, sum = 0.0;

step = 1.0/(double) num_steps;

for (i=1;i<= num_steps; i++){
x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

}
pi = step * sum;

}}
Other names and brands may be claimed as the property of others.
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C/C++ parallel forC/C++ parallel for PragmaPragma
#pragma omp parallel for

for (i=0; i < N; ++i) {

disjoint_computation(i);

}

Threads cooperate 
to do 

disjoint iterations
of the loop. 

Threads cooperate 
to do 

disjoint iterations
of the loop. 

double x, sum = 0.0; 
#pragma omp parallel for
for (i=1;i<= num_steps; i++) {

x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

}

But, this loop
has data races.
But, this loopBut, this loop

has data races.has data races.

Other names and brands may be claimed as the property of others.
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Diagnostics Generated by the Diagnostics Generated by the 
Thread CheckerThread Checker

Other names and brands may be claimed as the property of others.
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Associating Error Messages with Associating Error Messages with 
the User�s Sourcethe User�s Source

Other names and brands may be claimed as the property of others.
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C/C++ parallel for ClausesC/C++ parallel for Clauses
#pragma omp parallel for private(x,y,z)

#pragma omp parallel for reduction(+: sum)

double x, sum = 0.0; 
#pragma omp parallel for private(x) reduction(+:sum)
for (i=1;i<= num_steps; i++)  {

x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);

}

Thread 0 Thread 1

x

X =
sum =

x sum

sum

X =
sum =

x sum

Other names and brands may be claimed as the property of others.
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IntelIntel®® Thread Checker Analysis after Updating Thread Checker Analysis after Updating 
the the OpenMP Pragma OpenMP Pragma SemanticsSemantics

Other names and brands may be claimed as the property of others.
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Examination of IntelExamination of Intel®® Thread Checker Thread Checker 
Diagnostics and User�s Source CodeDiagnostics and User�s Source Code

Other names and brands may be claimed as the property of others.
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The IntelThe Intel®® Thread Checker �Automatic� Thread Checker �Automatic� 
Debugger:Debugger:

!! Finds parallel bugs:Finds parallel bugs:
�� Data racesData races
�� Uninitialized variablesUninitialized variables
�� Failure to copy private Failure to copy private "" sharedshared

!! Uses computer time, not human timeUses computer time, not human time

Other names and brands may be claimed as the property of others.
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ConclusionsConclusions

!! Intel Thread Analyzer helps you tune your parallel Intel Thread Analyzer helps you tune your parallel 
programming applicationprogramming application

!! IntelIntel®® Thread Checker helps you debug your parallel Thread Checker helps you debug your parallel 
programming applicationprogramming application

Other names and brands may be claimed as the property of others.

�Intel� is a  registered trademark of Intel Corporation or its subsidiaries in the 
United States or other countries.


